IMPORTANCE Surgeons are increasingly interested in using mobile and online applications with wound photography to monitor patients after surgery. Early work using remote care to diagnose surgical site infections (SSIs) demonstrated improved diagnostic accuracy using wound photographs to augment patients' electronic reports of symptoms, but it is unclear whether these findings are reproducible in real-world practice.
S upported by the widespread availability of smartphones, telemedicine applications for perioperative care have proliferated. 1 Alongside the development and testing of formal tools for remote care, many surgeons are also informally using electronic messaging and smartphone photography to evaluate surgical incisions. [2] [3] [4] [5] These strategies could increase patient access while improving surgeons' abilities to survey and quickly detect developing complications at surgical sites, mitigating morbidity and hospital readmission. When surgeons provide remote postoperative care, it is generally believed that the addition of wound photography helps them determine whether a patient's symptoms indicate a surgical site infection (SSI) or another wound complication. In studies performed in controlled settings, the addition of wound photography alongside clinical data increases diagnostic accuracy, improves clinicians' confidence in a diagnosis, and decreases overtreatment of SSIs. 4, 6, 7 A limitation of prior work is that study contexts have differed from the settings in which remote assessment of wounds is currently used on an informal basis and its likely use if it were widely adopted among surgical practices. Specifically, images in prior work have typically been obtained in a uniform fashion by trained photographers. Furthermore, evaluators have been highly skilled practitioners with experience and specific interest in SSIs. [5] [6] [7] [8] Finally, existing studies examined the diagnosis of an SSI as the sole clinical outcome. Other postoperative wound conditions may also require in-person assessment and treatment, and they have been categorized as surgical site occurrences (SSOs), which include SSIs but also several non-SSI entities, such as wound seroma, hematoma, cellulitis, wound necrosis, stitch abscess, and superficial wound dehiscence. 9 Given the controlled settings and narrow outcome measures in prior studies, it is not clear whether similar outcomes of remote postoperative assessment can be achieved in clinical practice. We aimed to evaluate the ability of surgeons who are untrained in remote assessment to diagnose SSIs and other wound events using online patient reports of symptoms, with or without the addition of wound photographs. In addition, to explore how the effectiveness of remote assessments is affected by variations in image quality, we compared the photographs taken by patients with those taken by trained clinicians to assess diagnostic performance. We hypothesized that, in a pragmatic context, wound photography would improve the accuracy of a surgeon's diagnosis of an SSI and/or an SSO compared with symptom reports alone. We further hypothesized that, owing to variation in the quality of data, patientgenerated data (symptom reports and wound photography) would be inferior to clinician-generated data for surgeon's diagnosis of an SSI and/or an SSO.
Methods

Target Population and Survey Administration
We used the American Medical Association Physician Masterfile to identify surgeons practicing in the United States who manage postoperative abdominal wounds based on their designated specialty of abdominal surgery, colon and rectal surgery, general surgery, surgical oncology, or vascular surgery. Direct Medical Data housed the Physician Masterfile and managed electronic message invitations containing a link to the survey, which was administered via Vanderbilt REDCap (Research Electronic Data Capture). 10 Study personnel did not have direct access to names or contact details for invited participants. Direct Medical Data provided data regarding the number of emails that were opened and the number of links that were accessed. The study was approved by the Vanderbilt University Medical Center institutional review board and was deemed exempt by the University of Washington given its use of an established, deidentified data set.
Collection of Patient Data
The survey consisted of deidentified case vignettes from actual postoperative patients. These data were obtained from patient-generated data collected prospectively at Vanderbilt University Medical Center, Nashville, Tennessee, and from clinician-generated data initially collected in a prospective cohort study at Erasmus University Medical Center, Rotterdam, the Netherlands, and curated at the University of Washington, Seattle. 8 The clinician-generated data included reports of patients' symptoms and wound photographs obtained by clinician researchers during participants' inpatient stays, which ranged from 2 to 21 postoperative days. 8 Patient-generated data were obtained from postoperative patients presenting to an outpatient surgical clinic at Vanderbilt University Medical Center. Prior to their visit, patients completed an online assessment that had been developed and tested in a previous pilot study using standardized instructions (eFigure 1 in the Supplement). 2 For each case, the clinical wound diagnosis (SSI, SSO, or normal) and treatment (eg, wound opening, antibiotic prescription, or no wound care) as documented by the treating clinician was considered the criterion standard when determining diagnostic accuracy, sensitivity, and specificity.
Development of Survey Using Patient Data
We created 8 unique surveys, each containing 3 different case vignettes. Included cases were selected by study personnel to reflect a broad range of postoperative wound abnormalities and
Key Points
Question How does the addition of wound photography affect the ability of surgeons to diagnose surgical site infections using an online monitoring tool?
Findings This simulation study found that wound photography increased specificity but worsened accuracy and sensitivity for the diagnosis of surgical site infections. Surgeons reported greater confidence but were more likely to undertriage patients when vignettes included a wound photograph, regardless of whether they correctly diagnosed a surgical site infection.
Meaning Wound photography facilitates online postoperative wound assessment, but current practices need refinement to ensure that critical issues are not missed.
operation types, as well as the observed variation in data quality ( Figure 1 and eTable 1 in the Supplement). For each case, respondents initially received only the patient's symptom report and categorized the patient as having an SSI (yes or no) and/or another wound abnormality that required further evaluation and/or treatment (yes or no) as a lay definition for SSO (eFigure 2 in the Supplement). The respondents stated their confidence in the diagnosis on a scale from 0 to 10, where 0 indicated being least confident and 10 indicated being most confident. The National Surgical Quality Improvement Project definition of an SSI was included on each survey for reference (eTable 2 in the Supplement). 11 Surgeons then identified their next step in management, with options ranging from reassure patient to instruct patient to be seen in the emergency department as soon as possible. Participants were then presented with the same case, this time including both the symptom report and a wound photograph, and responded to the same series of questions. Respondents could not go back and change prior answers based on the additional data. The surveys were tested on an internal sample of surgeons and found to take, on average, 10.5 minutes to complete.
Outcomes and Statistical Analysis
Using McNemar χ 2 tests to account for intraphysician correlation, we compared the primary outcome, diagnostic accuracy (percentage correct) of surgeon assessments of SSIs using symptom reports alone vs using symptom reports plus wound photographs. 12,13 Each surgeon's assessment of each vignette was considered a unique, but conditionally dependent, test. We also determined the sensitivity and specificity of each remote diagnosis relative to the criterion standard of clinical diagnosis. A secondary outcome was the assessment of an SSO (eTable 3 and eFigure 3 in the Supplement). 9 Because an SSI is included in the definition of an SSO, SSI cases were automatically coded as SSOs. Likewise, when surgeons responded that an SSI was present, this was counted as an SSO. In addition, we calculated sensitivity, specificity, and accuracy of surgeons' assessments using patient-generated vs clinician-generated data. Using Wilcoxon rank sum tests, we also compared surgeons' confidence in assessments with vs without wound photographs. Surgeons' reported next steps in management with and without wound photography were compared using McNemar χ 2 tests. We categorized surgeons'
reported next steps as an escalation of care (prescribe antibiotics or perform in-person assessment) vs none (reassure or continue electronic monitoring). All P values were from 2-sided tests and results were deemed statistically significant at P < .05.
Results
The survey was sent to 23 619 unique individuals via electronic message; 3927 of these individuals (16.6%) opened the email. A total of 662 individuals responded to the survey, 523 (79.0%) of whom completed at least 1 case and 139 (21.0%) of whom discontinued before finishing the first case, for an overall participation rate of 2.2% and a participation rate of 13.3% among surgeons who opened the study email (eFigure 4 in the Supplement). Surgeons who completed at least 1 case (defined as both symptom report alone and symptom report with photographs) were included in the descriptive statistics and primary analyses. Of these, 486 of 523 surgeons (92.9%) completed all 3 cases, yielding 1513 total case assessments. Respondents were a mean (SD) age of 53 (10) years and had practiced surgery for a mean (SD) of 20 (10) years. Most of the respondents were white men practicing general surgery in a community setting ( Table 1) .
Overall Accuracy, Sensitivity, and Specificity
When diagnosing SSIs, surgeons were correct in 863 of 1512 cases (57.1%) with symptom reports alone and in 878 of 1512 cases (58.1%) with symptom reports plus wound photographs. For each of the 24 case vignettes, accuracy ranged from 1.7% (1 correct of 59 responses) to 100% (66 correct of 66 responses). Specifically, for cases in which an SSI was present (n = 601), surgeons were correct in 351 cases with symptom reports alone (58.4%) and 300 of 598 cases with symptom reports plus wound photographs (50.2%) (P < .001) ( Table 2) . For cases without an SSI (n = 911), surgeons were correct in 512 cases with symptom reports alone (56.1%) and 578 cases with symptom reports plus wound photographs (63.4%) (P < .001). (Figure 2 ). Relative to the criterion standard of clinical diagnosis, sensitivity for a diagnosis of an SSI with symptom reports alone was 0.58, and specificity was 0.56. With the addition of wound photography, sensitivity was slightly worse (0.50) and specificity was slightly better (0.63) ( (Figure 2 ). Symptom reports alone yielded an overall sensitivity of 0.81 and specificity of 0.73. The addition of wound photography resulted in decreased sensitivity to 0.63 and decreased specificity to 0.69 for SSOs (Table 2) .
Surgeon Confidence and Next Steps
Surgeons' confidence in a diagnosis of SSI was generally high and increased with the addition of wound photography (median, 8; interquartile range [IQR], 6-9; vs median, 8; IQR, 7-9; P < .001). Likewise, for a diagnosis of an SSO, confidence was high and increased with addition of wound photography (median, 7; IQR, 5-9; vs median, 8; IQR, 7-9; P < .001). Confidence increased with the addition of wound photography regardless of whether the surgeon's assessment was correct (SSI: median, 8; IQR, 7-9 with photography vs 8; IQR, 6-9 without photography; P < .001; SSO: median, 8; IQR, 6-9 with photography vs 7; IQR, 5-9 without photography; P < .001) or incorrect (SSI: median, 9; IQR, 7-10 with photography vs 8; IQR, 6-9 without photography; P < .001; SSO: median, 8; IQR, 7-10 with photography vs 8; IQR, 6-9 without photography; P < .001).
Association of Wound Photography With Proposed Treatment
In the absence of SSIs, the addition of wound photography decreased the frequency of the escalation of care from 629 of 911 (69.0%) to 538 of 911 (59.1%) (P < .001) ( Table 3) . When an SSI was present, the addition of wound photographs alongside Changed from incorrect to correct: 14%
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Changed from correct to incorrect: 25% "Still Incorrect" indicates that the response was incorrect using descriptions alone and remained incorrect with the addition of wound photograph(s); "Still Correct" indicates that the response was correct using descriptions alone and remained correct with the addition of wound photograph(s). SSI indicates surgical site infection; and SSO, surgical site occurrence. 
Patient-vs Clinician-Generated Data
For a diagnosis of SSI, accuracy was better overall with the surgeon's assessment of clinician-generated data than with the patient-generated data using both symptom reports alone ). In addition, there was less variation by case in accuracy with clinician-generated data. For example, using symptom reports plus wound photographs, the 25th to 75th percentile for accuracy was 40% to 90% with cliniciangenerated data vs 24% to 84% with patient-generated data. Using clinician-generated data, we found that the addition of wound photography decreased sensitivity to 0.54 from 0.69 but increased specificity to 0.86 from 0.68 for the diagnosis of an SSI (P < .001 for both). Using patient-generated data, we found that the addition of wound photography increased sensitivity to 0.36 from 0.18 (P < .001) but that there was no difference in specificity (0.52 vs 0.55; P = .10).
Discussion
In this pragmatic simulation of remote postoperative assessment using case vignettes with or without wound photography, surgeons correctly diagnosed SSIs a mean 57% of the time and correctly diagnosed SSOs a mean 81% of the time.
The addition of wound photographs decreased the sensitivity of surgeons' assessments for both SSIs and SSOs. The addition of wound photographs increased specificity for the diagnosis of SSIs but not for SSOs. Surgeons reported greater confidence in their assessments when wound photographs were included alongside symptom reports, regardless of whether they made the correct diagnosis. They were also more likely to recommend reassurance or continued electronic monitoring rather than prescribe antibiotics or perform an in-person assessment after viewing wound photographs, even when an SSI or an SSO was present. These findings raise some concerns about surgeons' increasing practice of using wound photographs, often taken by patients with smartphones, to evaluate patients' surgical sites during the postoperative period. Furthermore, these findings suggest that image-based approaches for remote postoperative assessment will need refinement prior to widespread implementation. Our intent in this study was to evaluate current informal practices and to examine a pragmatic approach to the widespread implementation of remote postoperative care. Minimally trained patients and surgeons used the devices of their choice for image capture and review, which is believed to best replicate current surgeon practices and is a potentially scalable strategy to implement the remote assessment of wounds among a large target population using existing resources. This approach differs from prior studies of the remote assessment of wounds. For example, in a similar study, cliniciangenerated images from inpatients were evaluated by members of the Surgical Infection Society, a group with specialized interest and expertise in surgical infections. 7, 8 In other resource-intensive studies, patient-generated data were obtained using electronic devices after extensive in-person training and remote coaching, and data were reviewed on stan- dardized platforms by dedicated researchers. 5, 6, 14, 15 A final key difference was the inclusion of noninfectious wound complications (ie, SSOs) as an outcome of interest to capture nearly all potential problems at surgical sites that require in-person evaluation and treatment. In this study, the overall accuracy of surgeons was lower than in prior studies, presumably owing to the use of patientgenerated data and the more general population of surgeons sampled. The aforementioned study of surgical infection experts demonstrated accurate SSI detection in 67% of cases without photographs and in 76% of cases with photographs 7 (vs 57% of cases without photographs and 58% of cases with photographs in our study). A study of vascular surgeons evaluating postoperative wounds found 66% to 95% agreement between in-person and remote assessments. 6 In another vascular surgery sample, agreement between in-person and remote raters ranged from 0.27 to 0.90 (κ coefficient; 1 = perfect agreement and 0 = no better than chance) for various postoperative wound characteristics. 4 However, the observed variation between in-person and remote assessments, herein labeled as inaccuracy because inperson findings were considered a criterion standard, has been similarly detected between different surgeons evaluating the same wound in person. In the prior vascular surgery studies, agreement among in-person surgeons was similar (64%-85%) 6 or only slightly better than between in-person and remote surgeons (κ = 0.44-0.93). 4 Interrater agreement between 2 surgeons both making remote assessments varies similarly, with 3 different European studies demonstrating poor (κ = 0.24) to moderate (κ = 0.45-0.68) agreement among remote surgeons, which did not improve with the provision of a standard definition of SSI. 8, 16, 17 Beyond interrater variability, the additional decrease in accuracy in our study may be explained by variation in data quality, evidenced by significant differences between data from patients and data from trained clinician researchers. Given the apparent importance of data quality, an opportunity exists to improve the validity of surgeons' remote evaluations by standardizing patient photography techniques using tutorials, coaching, or incorporating image-quality verification tools at the point of image capture. 13 In addition, clinicians may benefit from focused training to assess image quality alongside content. On a broad scale, implementing these technological improvements and coaching patients and surgeons would require a significant investment, and it remains to be seen whether remote postoperative assessments will prove to be cost-effective. It was surprising that, regardless of whether surgeons' assessments were correct, the addition of wound photography increased their confidence and the likelihood that they would provide reassurance rather than requesting an in-person assessment. Sanger et al 7 similarly found increased confidence with the addition of wound photographs, and the addition photographs effectively decreased the rate of overtreatment while maintaining a stable rate of undertreatment. Others have also found that, despite variation in diagnostic accuracy, treatment recommendations using remote data have been largely concordant with those made during in-person evaluations. 4 Our contradictory finding that the addition of a wound photograph decreased the likelihood of the escalation of care in the presence of an SSI or an SSO is somewhat concerning. It is possible that surgeons in our study felt more comfortable recommending continued monitoring, particularly for cases in which a wound abnormality was present without apparent infection, because they believed that they could perform serial remote assessments over subsequent days. Although the option to perform serial assessments was not explicitly offered in these vignettes, it has been trialed by other developers of remote assessment tools.
14,15
Limitations
There are several limitations to this study. Although the participation rate was within the expected range for a study using email recruitment methods, it remains small and increases the potential for selection bias. Although the case vignettes were developed using content from actual clinical cases, the surgeons' assessments were not performed in the context of providing actual clinical care. In practice, surgeons have detailed knowledge about their patients' comorbidities and the operations performed, which may influence their wound assessment or management recommendations. We used standard definitions of SSI and SSO and specifically included the National Surgical Quality Improvement Project definition of an SSI as a reference in the survey; however, the respondents may have applied alternative understandings of these diagnoses, which would affect their diagnostic accuracy. Our use of a broader secondary outcome, an SSO (which encompasses an SSI), likely minimized the influence of definitional discordances in this study; indeed, we found greater accuracy for the assessment of an SSO than for an assessment of an SSI. The study design used same-case comparisons, in which the participating surgeons viewed case vignettes initially containing symptom reports only and then viewed the same cases with the addition of wound photography. This intuitive approach to isolating the influence that the wound photography could have on a remote assessment may have introduced bias due to sequential assessments. Finally, our oversampling of abnormal wounds does not reflect their true incidence in clinical practice, so study findings cannot be used to describe the incidence of wound events, nor the positive or negative predictive values for specific types of remote assessment in diagnosing SSIs and SSOs.
Conclusions
This work comes at a critical time when surgeons are beginning to incorporate telemedicine into perioperative care in both formal and informal ways. Surgeons may intuitively use imagebased assessments of patients' wounds, which appear to increase their confidence in diagnosing problems at surgical sites. Although such a practice may be helpful in ruling out an SSI, it does not necessarily improve on the current standard of electronic message or telephone-based triage without photography for determining which patients require an escalation of
